Feeding shelled corn as the primary supplement in cracked dry form or ground high moisture form to grazing cows was studied in an experiment using 32 cows in late lactation. Each of the two forms of corn accounted for 74.7% of the concentrate supplement, which was fed at 9 kg/d (DM). The experiment was 13 wk, during which cows grazed permanent native pasture containing mostly grasses and some clover. Milk yield was 2.4 kg/d higher for cows fed ground high moisture shelled corn than for those fed dry cracked shelled corn. Milk fat content was lower (3.28 vs. 3.67%), but protein content was higher (3.26 vs. 3.15%) for the high moisture corn supplement. Results suggest that high moisture corn can serve as a better supplement for grazing cows than dry corn, likely by providing more metabolizable energy and microbial protein due to more fermentable and digestible starch.
INTRODUCTION
Grazing with supplementation of concentrates can be an economical method of feeding dairy cows, but balancing diets for maximal milk production has proven difficult. The supplements fed consist mainly of grain and protein sources. Although many characteristics of pasture are uncertain (such as nutrient content and intake), it appears that the passage rate of feed materials from the rumen is high under grazing conditions. Berzaghi et al. (1996) reported the mean retention time of particulate matter in the rumen of grazing cows to be about 13.7 h and liquid to be 5.4 h. Typical retention 1 Trade names and the names of commercial companies are used in this report to provide specific information. Mention of a trade name or manufacturer does not constitute a guarantee or warranty of the product by the USDA or an endorsement over products not mentioned.
times of particulate matter and liquid in the rumen of lactating cows fed conserved feeds is closer to 24 and 11 h, respectively (Hartnell and Satter, 1979) . Holden et al. (1994) have also noted a trend for higher liquid rumen turnover rate when cows grazed compared with when they were fed conserved feeds. A rapid passage rate can result in less digestion of nutrients of both pasture and supplements. Because lush pasture is generally high in RDP, some research has focused on supplementing protein sources that are high in RUP content (Hongerholt and Muller, 1998; Polan et al., 2000) . Efforts have also been made to synchronize ruminal fermentation of supplemental carbohydrate with release of pasture N for more microbial protein production. reported improved ruminal fermentation with timely feeding of concentrate supplements with pasture grass and suggested that capture of ruminal N into microbial protein was enhanced by synchronous feeding. These improvements, however, did not lead to more milk production in their experiment. They concluded that ruminal changes resulting from the synchronization were transient and did not result in changes in the N status of the cow. Wu et al. (2001) suggested that producers wanting to have seasonal calving might find fall calving advantageous. Feeding a TMR in confinement over winter would enable capture of peak milk production in early lactation. Grazing would take place during the following summer when cows are in the latter stage of lactation. In their study, a decrease in milk production caused by changing from confinement feeding of a TMR to grazing with supplementation was not avoided, but the cumulative loss over the lactation would be less with mid-to late-lactation cows rather than early lactation cows being switched to grazing. The objective of this study was to determine if using a more fermentable form of corn (ground high moisture shelled corn) compared with cracked dry shelled corn as the supplement enhances performance of grazing cows that are in late lactation.
MATERIALS AND METHODS
The experiment was performed from May to August 1999, using a protocol approved by the Animal Care Committee of the College of Agricultural and Life Sciences, University of Wisconsin-Madison. Thirty-two cows (14 primiparous) averaging 247 DIM (SD 58) were divided into two groups based on similarity in milk yield and DIM within parity. The pasture was permanent, having had no tillage within the last 55 to 60 yr. Frost seeding of red clover had occurred over some of the area in the previous 5 yr. The pasture was located at the US Dairy Forage Research Center Farm in Prairie du Sac, Wisconsin. Fertilizer N was applied at a rate of 56 kg/ ha in each of two applications, one in June and one in August. Before the experiment, cows were fed a TMR in confinement. Adaptation of cows to the grazing regimen was made by reducing the amount of the TMR to 80% for 4 d, then to 60% for 3 d, before placing them on the experimental diets. Cows had access to grazing during this transition phase. The treatment period was 13 wk, during which the two groups of cows grazed together but received separate supplements that were based on either cracked dry shelled corn or finely ground high moisture shelled corn. The former was purchased, and the latter was produced on the research farm. High moisture corn was processed through a roller mill after removal from the silo. The geometric mean diameter measured by a sieve shaker (Analyssette-3, Firtsch GMBH, Laborgeratebau, Germany), using sieves with openings of 4.75, 3.36, 2.00, 1.18, and 0.60 mm, was 4.4 mm (SD 1.1). The percentages of the sample retained on the five screens and falling to the pan for cracked dry corn and ground high moisture corn were as follows: 16.6, 28.1; 43.6, 21.4; 23.7, 15.7; 7.2, 11.5; 4.3, 8.6; and 4.6, 14.7 . Formulations of the supplement were identical (Table 1) .
Cows were in the paddocks continuously except for approximately 2 h each time cows were taken to the milking parlor at 0500 and 1500 h. Intensive rotational grazing was practiced by allocating a new paddock every 24 h. The area allocated varied during the season according to pasture availability. Each paddock had water available at all times.
After milking, cows were group-fed their concentrate supplements at a rate of 9 kg/d per cow (DM basis). Supplemental alfalfa hay was also fed at this time to provide 2 kg/d per cow (DM basis). The two sources of feed were offered at the same time. Refusals, if any, were collected and weighed once daily to obtain a net intake of the combined supplements. BCS (Wildman et al., 1982) and BW were measured after milking at the beginning and end of the grazing period. Before the experiment, cows were administered 500 mg of bST in a single injection every 2 wk (Posilac; Monsanto Co., St. Louis, MO), and this continued during the experiment.
Dry corn, high moisture corn, roasted soybeans, and corn silage used in the supplements were sampled weekly. The samples were dried at 60°C for 48 h. Supplement formulations (as fed) were adjusted weekly for occasional small changes in DM content of the ingredients as the experiment progressed from beginning to end. Forage in the pasture was evaluated for botanical composition and nutrient composition by using the procedure described by Wu et al. (2000) . Seven samples were collected at approximately 2-wk intervals during the grazing period. The samples were dried at 60°C.
Dried samples of feed ingredients and pasture were ground through a Wiley mill by using a 1-mm screen (Arthur H. Thomas, Philadelphia, PA). Ground samples were analyzed for DM (105°C), CP (LECO FP-2000 Nitrogen Analyzer, Leco Instruments, Inc., St. Joseph, MI), NDF (using heat stable α-amylase and Na 2 SO 3 ) and ADF (Robertson and Van Soest, 1981) . The AN-KOM 200 Fiber Analyzer incubator (ANKOM Technology, Fairport, NY) was used for NDF and ADF analyses. Chemical analyses were expressed on a DM (105°C) basis. Nutrient content of the supplement mixes was computed from analysis of the ingredients.
Milk yield was recorded at each milking and milk samples were collected biweekly from two consecutive milkings. The samples were analyzed at the AgSource Milk Analysis Laboratory (Menomonie, WI) for fat, protein, lactose, total solids, and SCC, using an infrared spectrophotometer with a B filter (Fossmatic 605; Foss Technology, Eden Prairie, MN); SNF was calculated as total solids minus fat.
Data on milk yield and composition were analyzed by the mixed model procedure of SAS (1994) by using a model containing treatment, experimental week, treatment × week, parity (primiparous or multiparous), and treatment × parity as the independent variables; cow within treatment was the error term. Weekly averages (biweekly measures for milk composition) were used as repeated measures. A combination of autoregressive covariation on cow within treatment and a random effect between animals was structured. For milk yield, a covariate term using the average milk yield obtained from the week before the adaptation period was included in the model. Data on BW and BCS were analyzed by the general linear models procedure of SAS (1985) according to a model containing treatment, parity, and treatment × parity as the independent variables.
RESULTS AND DISCUSSION
One cow from each group was culled from the herd because of reproductive failure after completing 4 wk of the trial. Their collected data were included in the analysis.
The two supplements were similar in their nutrient content (Table 1 ) and in the average amount consumed daily (mean ± SD: 10.7 ± 0.3 and 10.5 ± 0.4 kg/d for cracked dry shelled corn and ground high moisture shelled corn, respectively). The pasture contained (DM basis) approximately 8% red clover (Trifolium pratense), 15% white clover (Trifolium repens), 25% quackgrass (Elytrigia repens), 18% Kentucky bluegrass (Poa pratensis), 8% bromegrass (Bromus inermis), 6% timothy grass (Phleum pratense), and 20% other species and dead matter. The nutrient content of the pasture forage varied according to season, with the overall mean being 17.7, 30.0, and 43.1% for CP, ADF, and NDF, respectively (Table 1) .
Milk yield was 2.4 kg/d higher for cows fed ground high moisture shelled corn than for those fed cracked dry shelled corn ( Table 2) . The difference was fully established at wk 4 and continued until the end of the trial (wk 13) (Figure 1 ). Cows likely were in transition from TMR feeding to the treatment diets during the first 3 wk. Milk yield during wk 4 to 13 was 2.8 kg/d higher (P = 0.05) for cows fed ground high moisture shelled corn than those fed cracked dry shelled corn. Despite more milk, FCM for the high moisture corn group was similar to that for the cracked dry corn group, because the percentage of milk fat was lower (P < 0.05). Both percentage and yield of milk protein were higher (P < 0.10) for the high moisture corn than for the cracked This experiment showed that milk yield decreased 2 to 3 kg/d during the first week on pasture (Figure 1 ). Other studies have reported decreases in excess of 2 kg/d during the first week on pasture (Wu et al., 2001) . Despite the decrease, results suggested that yield of milk and milk protein can be increased by feeding ground high moisture shelled corn compared with dry shelled corn as the primary supplement to grazing cows. This may result for two reasons. First, feeding ground Figure 1 . Milk yield of grazing cows supplemented with dry shelled corn (᭹) or high moisture shelled corn () for 13 wk (wk 1 to 13). Cows were fed a TMR before the grazing period and were adapted to grazing in 1 wk. Week −2 corresponds to the last week of receiving the TMR and wk −1 corresponds to the adjustment week during which cows were fed the TMR in reduced amounts and began grazing.
high moisture corn increases the metabolizable energy supply by increasing starch digestibility both in the rumen and in the total tract. High moisture corn is approximately 20% higher in ruminal starch digestibility (Knowlton et al., 1998) and 16% higher in energy value (Wilkerson et al., 1997) than dry corn. concluded that metabolizable energy is first limiting for milk production of cows consuming pasture. Higher ruminal degradability of starch for ground high moisture corn is consistent with the lower fat content observed in our experiment. The study of Soriano et al. (2000) , however, did not reveal a consistent advantage in milk production from feeding high moisture coarsely ground or finely ground shelled corn to grazing cows. Second, degradation of supplemental carbohydrate may be better synchronized with the release of pasture N in the rumen with high moisture corn than with dry corn (San Emeterio et al., 2000) . Because the degradation rate of pasture N is high , synchronizing the release of carbohydrate from a concentrate supplement can potentially improve the capture of N in microbial protein in the rumen. reported improved N use in the rumen by synchronizing the feeding of grain supplements and pasture forage, although this did not lead to better lactational performance, because the amounts of N and OM ruminally degraded were not changed. Improvement in animal performance by improving synchrony of nitrogen and carbohydrate degradation in the rumen has been an elusive goal (Sauvant and van Milgen, 1995) . These authors point out, however, that nitrogen and carbohydrate asynchrony could have a more pronounced effect in vivo for animals having high outflow rates. This could apply to grazing cows. With high moisture corn, the efficiency of N use can also be increased by reducing fecal N losses in the form of microbial protein. More starch from dry cracked corn can reach the large intestine than with high moisture corn, thus supporting microbial growth in the hindgut where protein is unavailable for uptake from the gut. The pasture used in our experiment had low protein content, making the protein concentration of the total diet marginal in meeting the protein requirement, even for these late-lactation cows. Under this condition, high moisture corn appeared beneficial.
CONCLUSIONS
Feeding shelled corn as the primary supplement to grazing cows in ground high moisture form rather than cracked dry form appeared to improve lactation perfor- mance. The effect likely resulted from increased supply of metabolizable energy and protein because of higher ruminal fermentability and digestibility of starch in the high moisture corn.
